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A NOTE ON THE DECAYS 7% -» vvu” *¢

Peter Herczeg and Cyrus M. Hoffman
Theoretical and Meson Physics Divisions
Los Alamos Scientific Laboratory
Los Alamos, New Mexico 87545
ABSTRACT
Phenomenological aspects of n° - v~ are considered. From the

existing expei'imental information, we deduce an upper limit
r(n® > v )/r(n® > all) < 2.4 x 10-5 (90% C.L.). Possible mecha-
nisms which can give rise to this process are discussed. Branching
ratios of the order of 10-7 for decays into the known neutrinos
(ve,v“) are found possible. Rates comparable to the experimental
limit for decays into final states involving additional neutrinos

(massive or massless) cannot be ruled out.

* Work supported by the U. 5. Department of Fnerqy
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The deéay of the nev*ral pion into two spin 1/2 neutral particles is
an interesting one, since momentum and angular momentum conservation admit
enly final states in which the helicities of v and v* are tho same. Conse-
quently, n°® + v 1s forbidden if v is a massless Weyl neutrino. Hence,
the observation of 7% + vv” would imply either the existerce of neutrino
states of both helicities, or that lepton number 1s not conserved, or both.

The purpose of this note is to present an experimental upper limit for
the branching ratio of 7% » ww”, implied by the available data, and tc con-
sider the possible mechanisms and corresponding rates for this decay.1) ke
shall discuss here in detail only the case when v° = v, where v is any of
the known, or yet to be discovered neutrinos (with mass m < 2}). As dis-
cussed above, more general final states may also be involved in

I I'(n® > vw”). Also, since n° >~ vw 1{s forbidden for a massless Way)

(vw?)
neutrino, we shall assume in the following that v is a four-componeni fernifon.
The most general matrix element for n°-decay into a neutrino-antineutrino
pair can be written as
M(%® -+ wv) = cuysv + iduv , (1)
where ¢ and d are constants. The amplituds ¢ is P and CP-conscrving, while

the d-term violates both P and CP., The decay rate is given by
m, K
e ege (fe]? +n?[d]?) (?)

where v = (1 - 4m’/m;)5. m and m_denote the neutrino and the pion mass,
respectively.

An experimental search for n® » wo® {2 difficult in view of the abuence
of a positive signature. A sensitive oxperiment must establish the presence

of a n% and the absence of {1ts electromagnetic decay products with a high
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degree of certainty. A pnssible approach is to look for w®-+yv” following

2)

Kt » ata® de. vs. The K*» n*n® decay mode, with a branching ratio of 21%,
is a suitable .nurce of tagged neutral pions. Kt-> ntn® is signaled by a Kk*
decaying at rest into n* with a kinetic energy of 108 MeV.

3:4,5) \hich searched for the process K* » mwy” speci-

Past experiments
fically sought to exclude events with 7t kinetic energies in the vicinity of
108 MeV, so as to eliminate the background caused by those K* - mtr® where

3) completely

the n° decay products were not detected. Two of the experiments
eliminated K* » n*n® candidates by accurately measuring the n* momentum. Two
other experiments4‘5) determined the 7% energy by measuring the 7t range and
restricted the kinetic energy to 60 MeV < T_, < 105 MeV and

117 MeV <« T"+ < 127 MeV. However, the spread in the m* range due to straygling
implies that the detection efficiency for 108 MeV n*'s (and consequently for

K* » 7t1°) was non-zero. In Ref. 5, a prescription is given for calcnulating

an upper limit for U(K* ~ ntoy*)/r(Kt » wtu®) from the data of Refs. 4,5 for
any given n* spectrum. Using a delta function at 108 MeV for the spectrum,

we find

: ) )r(n° o ow )T o al1) e (Kt > n*[108 MevIww)/1(KP > ata®)  (3)
v’

and as a conscquence

Lol o ow)/r(n® > all) < 2.4 x 10°% (907 C.1..) . (4)
(w7)

This appears to be the best 1imit one can extract from the existing data.
To interpret this result, let us consider first the most general local

nonderivative effective neutrino-quark inturaction that could contribute to

0

n® oo

) v ,;' (9 w'lyay Jﬁ + {app vivsy 4 s;sp\"\’)dpl . (5)



1,-- - -
where J: = gluy,ysu - dy ysd), P = -}(U"Ysu - diysd), and gpy. Spps 9pg

are constants characterizing the strength of the corresponding terms relative
to 2°% (6 = 107*m3?)

The n® + vv amplitudes stemming from Eq. 5 are

G an?

C=cptcp=2 AP T T SppPo (6)

2

d = %’- YspPp (7)
where PA and pp are defined by

« o|a3|n°(p) > = m P (8)

<0|P|no(P) > = -ml, . (9)
The constant PA is related to the chargyed pfon decay constant fTT
(defined by < OIE}uy5u|n+(P) > = f"Pu) as py = f"/m“/f = 0.7. op can be
related to p, using the relation 2 Gy,vsq = . Ttysy . One Finds

pp = ppm /(m +a2,)~8 , (10)
wiere we have used m, = 4.2 MeV, my = 7.5 MeV for the quark masses.s)
Thus, we obtain

c= (2 x 10"’)ng/m1| + (1.2 x 'IO")gPP (1)

d~ (1.2 x 10")9SP . (12)
wkich gives (using I'(n® » al1) - 7.8 eV) a branchiny ratio

B(w® » w) ~ (9.4 x 1077) & [(gpp + 0.2 gppm/m )7 + v7a5,] (13)
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Consequently, the experimental 1imit (4) constrains the strength of

the effective interaction respoi.sible for any possible vv channel to satisfy
. 2 2,2 <
[K(gPP + 0.2 gAAm/m") + K gSP] <5 . (14)

Note that in the presence of 9pp and/or 9gps B(n® + vv) would not vanish

7)

even for massless neutrinos.
Could the strength of the interaction terms involved be as large as

required to saturate this 1imit? For the axial-vector term, evidence from

neutral-current neutrino experiments supports the value 9ap = 1 correspond-

ing to the prediction of the Weinberg-Salam mode1.8’9)

)10)

These experiments

also indicate that (for the known neutrinos the S,P couplings, if

present, arc weaker than the V,A terms, obeying approximately the bounds11’]2)

lappls logpl 5 0.3 . (15)

With Spp = 9sp * 0.3, 9pp = 1, the branching ratio would be

B(n® » wo) ~ 1.7 x 1077 (16)
for 0 S m £ 30 MeV and then decreasing gradually with increasing m. For

v, and other yet to be discovered neutrinos, values of Ipps Ips exceeding

the bounds (Fq. 1%) cannot be, cf course, ruled out.

In the framework of unified gauge theories of the weak and the electro-
magnetic interactions, 1% » vv could occur at the tree level via neutral
gauge buson exchange (1cading to the gpa-term in Eq. 5) and also through
the exchange of neutral Higas mesons (giving rise to the Ipp and Igp terms).
In the simplest version of the Weinberg-Scelam model, the ncutrinos are taken
to be massless 1nft-handed fermions. As discussed earlier, 2% » v would
then be absolutely forbidden, To accommodate massive ncutrines, the simplest

modification of the minimal model is to assign the right-handed components



to SU(2) singlets with zero weak hyperchange.13) The right-handed neutrinos
are then absent from the SU(2)L x U(1) gauge interactions.14)
The 7° + vv amplitude due to Z-exchange’s) is given by the Ca term

in (Eq. 6) with gpp = 1, leading to a branching ratio
2
B,(n° > v0) = 3 x 107%(1 - 4m2/m2)i(m/m ) . (17)

The decay rate as a function of the neutrino mass has a broad maximum at
m = mﬂ//g = 55 MeV with a branching rat1013)

B,(m® + vui m = 55 MeV) = 2.8 x 1079 . (18)

For v, and v, Bz(n° + vv) is completely negligible. However,

vT(mvT < 250 MeV)‘s) and any further possible neutrinos could lead to a decay
rate comparable to (Eq.18). The interpretation of a positive experimental
result in terms of a neutrino mass would not, however, be unambiquous in
view of possible other decay mechanisms. Even 1f the right-handed components
had no gauje interactions, four-component neutrinos would, 1n general, be
expected to couple also to Higgs mesons. In the simplest SU(2)L x U{(1) model
with only one Higgs doublet, the Higys couplings are proportional to the mass
of the fermion 1involved, and the Higgs mesons couple to scalar rather than
pseudoscalar fermion densities, which would have no effect on u° - vv.

If, however, more than one Higgs doublet exists (which may even be
necessary for various theorntical reasons)]7) pscudoscalar couplings may
also be present, contributing to n® » vv decay. Also, in the presence of
more doubietz, the strength of the l{iggs couplings may rn longer be governed
by the fermion mass involved, opening up the possibility of stronger couplings,
Finally, the SU(?)L x U(1) model may be part of a Jheory based on a larger
ilavor group involving additional Niggs mesons, with a variely ot possible

couplings.



We shall parameterize the relevant Higgs-neutrino couplings as

follows:
L, = f 2%Em viysvp, + f° /G v (19)
H W SY¥H v H
ko o ME o T
+f,2 /Gmu ulysugy + fy 2 /6 my diysdey

Thus,

9pp = 2 f, m(fumu - fdmd)/(m; - mﬁ) . (20)

and

95p = 2 f m(fm, - fymy)/(m? - m) . (21)
We shall consider two special cases for the parameters f:

1. Standard Higgs Couplings: fy, = f = f, = fqg 1.

In this case, gpp = ggp = Zm(mu - md)/(m; - m3). These give, in general,

negligible contributions to B(n® + vv). They are comparable to the axial
vector contribution (with 9 = 1) only in the unlikely event when

mH i m“.

2. Higgs Couplings Proportional to Some Large Fermion Masses Present
18)

in the Theory:
Thus, f, = ML/m. f‘\’) = ME/m. fu = MQ/mu' fd = Malmd.
and gp, = ZML(MQ - Ma)/(m; - mﬁ), 9gp - ZME(MQ - Mé)/(m: - mﬁ)
As seen from Eq. 13, the pseudoscalar contribution to n® » vv would exceed

a contribution from thc axial-vector coupling (with A ° 1) for

ZML(MQ - Mé)/(m; - mﬁ) ~ 7 x 1077, For not unrcasonable valucs of masses,

my = 10 GeV, M ~ 2 GeV, IMQ - Mél ~ B GeV for example, the 1° » vv branch-
ing ratio could be as large as the expected phenomenological upper bound

(16) for the known neutrinos. For Higgs mesons coupled to new neutrinos,
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laryer values of 9ppr 9sp (corresponding to larger fermion masses and/or a
smaller Higge mass) and thus, a larger branching ratio for m® +> v cannot
be excluded.

A new type of experiment could lead to a more sensitive search for
7 + vu. The K* + 71 process would be established by accurately measuring
the n* momentum in a magnetic spectrometer and by detecting the nt + pt + et
decay chain. Nal detectors surrounding the stopping target would detect the
electromagnetic decay products of the m° with extremely high efficiency.
Since the 7° energy and direction would be known, the Nal inefficiency, as
a function of energy, could be measured by comparing the number of 2vents
with two photons detected to the number with only one photon detected. 1In
this way, 1t can be established if events with no photons detected are due
to detection inefficiencies or due to n° + vv decays. A sensitivity of
betow 10”7 appears feasible,

13) as a source of

The reaction pp + n*r~n® has also been suggested
tagged m°'s. This scheme is probably more complicated, requiring the
momenta of the p, n*, and 7 to be measured with high precision. In either
case, it 1s probably the Nal inefficiency which would 1imit the attainable
sensitivity.

To sunmarize, we have cons fered 7% - vy in the presence of contribu-
tions from both gauge bosons and Higgs mesons. Observation of a branching
ratfo larger than 2.8 x 10°? might imply the presence of Higgs contributions
with couplings stronger than the standard ones. With not unreasonable
values of the Higgs couplings, the #° » vv branching ratio could be compar-

able to the experimental limit we have deduced from the existing data. It

appears feasible to search for n° » vv with improved sensitivity.
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